The effect of streptomycin, penicillin, polymyxin, chloramphenicol, novobiocin, erythromycin, D-cycloserine, 8-azaguanine, and 6-azauracil on competence development in Haemophilus injluenzae was studied.
INTRODUCTION
The term ' competence' describes a specific physiological state attained by certain bacterial populations (Marmur, Falkow & Mandel, 1963) that permits them to react with deoxyribonucleic acid (DNA), and this reaction between competent cells and DNA may result in a permanent genetic change or transformation.
In Haemophilus influenzae populations the attainment of the competent state has been shown to be dependent on protein synthesis since chloramphenicol prevented its development (Goodgal, 1958; Stuy, 1962; Leidy, Jaffee & Alexander, 1962) . The results presented here substantiate and extend these observations to other inhibitors of protein biosynthesis, namely, 8-azaguanine, novobiocin, erythromycin, and streptomycin.
The inhibition of competence development and transformation by sodium metaperiodate has been reported previously (Ranhand & Lichstein, I 966) .
METHODS
Organism and cultural conditions. The organism used was Haemophilus influenzae strain RD described by Goodgal & Herriott (1961) . The trypticase growth (phase-I) medium and cultural conditions employed have been described previously (Ranhand & Lichstein, 1966; Ranhand & Herriott, 1966) .
Competence development and transformation. Competence was developed in the medium described by Spencer & Herriott (1965) casein (Ranhand & Lichstein, 1966) . Transformation to streptomycin resistance was determined by standard procedures (Ranhand & Lichstein, I 966) . Transforming deoxyribonucleic acid (DNA). Transforming DNA was prepared according to the method of Goodgal & Herriott (1961) from H. influenzae organisms that were resistant to about 2 mg. streptomycin per ml.
Antibiotics and other inhibitors. The antibiotics and inhibitors used were as follows : streptomycin sulphate, sodium penicillin G, polymyxin B sulphate, D-cycloserine, chloramphenicol, sodium novobiocin, erythromycin gluceptate, 8-azaguanine, and 6-azauracil.
D-cycloserine was prepared in phosphate buffer, pH 8 (Curtiss, Berg & Charamella, I 965). Chloramphenicol was dissolved in 40 % ethanol at 2 mg. per ml. and diluted appropriately with distilled water. 8-Azaguanine was dissolved in 0.04 M-NaOH at 2mg./ml. and diluted appropriately in phosphate buffer, pH 6.7. All other stock solutions were prepared in distilled water. All solutions were stored at 5-7" and were used within I week after preparation. Inhibition of competence development. Haemophilus influenzae cells were grown in the trypticase medium and diluted into the competence development medium with or without inhibitor. The cells were shaken at 37" for 90 min., at which time transforming DNA was added for 30 min. At the end of the 30 min. period the cells were diluted and plated according to standard procedures (Ranhand & Lichstein, 1966) . RESULTS 
A N D DISCUSSION
Eflect of D-cycloserine, 6-azauracil, penicillin, and polymyxin on competence development Since competence most likely involves the cell surface (Tomasz & Beiser, 1965) , agents that affect cell-wall biosynthesis and membrane integrity were tested for their ability in preventing competence development (Table I) .
D-Cycloserine, an inhibitor of D-alanyl-D-alanine synthetase and DL-alanine racemase (Strominger, Threnn & Scott, 1g59), and 6-azauracil, a potential inhibitor of cell-wall biosynthesis (Otsuji & Takagi, 1959) had little or no influence on either viability or competence development yet both inhibited growth at concentrations greater than 5 and 13 pg. per ml., respectively. These results suggest that biochemical processes in HaemophiZw influenzae that lead to the competent state require neither D-alanyl-Dalanine synthetase, nor DL-alanine racemase, nor both, nor reactions that require pyrimidine nucleotides as biosynthetic carrier molecules (Strominger & Smith, 1959). However, since these agents were added to organisms during the competence development period (phase-2), the negative results obtained here do not preclude their function during growth (phase-I).
Penicillin, an inhibitor of cell wall biosynthesis (Strominger, Kazuo, Matsuhashi & Tipper, 1967) , and polymyxin, a membrane destroying agent (Newton, 1956) , inhibited both viability and competence development equally (Table I) . Since organisms in competent cultures are at least 75% competent (Goodgal & Herriott, 1961) or comprise a lower but constant percentage of the population (Thomas, 1955) this dual inactivation implies that both competent and non-competent organisms are affected to the same extent. Since sublethal concentrations of penicillin and polymyxin did not influence competence development, their direct effect on the process, if any, could not be evaluated. In these experiments, no attempt was made to protect potential spheroplasts from lysis.
The killing of both transformable and non-transformable H. infuenzae in the competent population by penicillin differs from the result obtained by Nester (1964) with competent Bacillus subtilis populations. In this latter case, only the non-competent population appeared to be killed. Eflect of chloramphenicol and 8-azaguanine on competence development The sensitivity of competence development to chloramphenicol is shown in Fig. I . At chloramphenicol concentrations that reduced the number of competent organisms to about 10 % of control values (0.7 pg./ml.), about 85 % of the organisms remained viable; at concentrations where competence was reduced to less than I % of the control values (1.0 ,ug./ml.), about 50 % of the organisms remained viable. These data show that competence development is more sensitive to the action of chloramphenicol than is viability. When 8-azaguanine was used to inhibit competence development (Fig. 2) there was no apparent loss in viability at concentrations that reduced the level of competence to about 5 yo of control values (3.0 pg./ml.).
D-cycloserine
Eflect of erythromycin, streptomycin, and novobiocin on competence development Since chloramphenicol and 8-azaguanine inhibited competence development it was also of interest to see if other inhibitors of protein biosynthesis acted in a similar fashion. Therefore, the effects of erythromycin, novobiocin, and streptomycin were examined. .3 x 10' per ml.; Vo = 1.6 x IO@ per ml. Fig. 2 . Inhibition of competence development by 8-azaguanine. Curves A (transformants) and B (viable organisms) have the same notation as described in the legend to Fig. I . To = 2-6 x 1 0 7 per ml.; Yo = 1.6x IO@ per ml.
100
8 10 e s Erythromycin inhibited competence development in a very complex manner yet had no effect on viability at concentrations that reduced transformation to I yo of control values (1.0 pg./ml.) (Fig. 3) . Novobiocin (0.1 to 0.6 ,ug./ml.) and streptomycin (I to 4 pg./ml.) (Figs. 4, 5 ) likewise inactivated competence development in a complex Inhibition of competence in H. injknzae 41 manner, but viability was also reduced to about 50 % of the control values. The complexity of these inactivation curves may reflect the modes of action of these agents (Davis & Feingold, 1962; Taubman, Jones, Young & Corcoran, 1966; Brock, 1966; Wishnow, Strominger, Birge & Threnn, 1965) tested. Moreover, since the effect of these antibiotics was similar, and since streptomycin can precipitate DNA (Cohen, 1947) , it was thought that these compounds were inactivating the transforming DNA. However, the results given in Table 2 show that this was not the case; these antibiotics were acting on some cellular processes.
The data presented here, at least for the prevention of competence development produced by chloramphenicol, implies that the attainment of the competent state by Haemophilur influenzae organisms may be the result of the induction of an enzyme or protein (Sypherd, Strauss & Treffers, 1962; Weber & DeMoss, 1966) . It is believed that the function of this protein is to activate or modify pre-existing DNA binding sites that are produced by the metabolism of inosine and lactate during phase-1 (Ranhand & Lichstein, 1966) . 
